ABSTRACT
Introduction
The tobamoviruses are known as the most stable plant viruses. They have survived in dried leaves and lyophilized sap for decades (3, 6) . In several our previous works the preservation of different tobamovirus strains freeze-dried in the form of leaf material, plant sap and purified preparations was investigated by means of an accelerated storage test at elevated temperatures (7, 8, 9, 10) . Strain specific differences were observed and the most stable strain survived more than 5 times longer than the most labile one. For a given strain, the preservation in leaves and unprotected sap was comparatively equal as well as this in protected sap and protected purified preparation. The worst preserved in lyophilized state strain of tomato mosaic virus (ToMV) was used to develop a model for predicting the stability of tobamoviruses based on the accelerated ageing and the application of Arrhenius equation (10) .
The aim of the present work was to predict the preservation of different tobamoviruses in three lyophilic forms -leaves, sap and purified preparation.
Materials and Methods
Viruses. Eleven tobamoviruses were tested: 1/ tobacco mosaic virus (TMV) -four strains isolated from pepper (B), tobacco (TGM) and tomato (MA and Sm). The first three ones produce green mosaic and Sm -yellow mosaic (1); 2/ ToMV -7 strains isolated from tomato and belonging to grourp "0" after Pelham (GM-0, YM-0), group "1" (GM-1, YM-1) and group "2" (GeRo, SG-64, J). GM-0 and GM-1 cause green mosaic, YM-0, YM-1 and J -yellow mosaic, and GeRo and SG-64 -yellow ring spots (1) . TMV was propagated in Nicotiana tabacum cv. Samsun N"N" (N" gene from N. sylvestris), ToMV in Lycopersicon esculentum cvs. Ideal (Tm+), Mobaci (Tm-1) and Moperon (Tm-2), respectively for groups "0", "1" and "2". The tobamoviruses were purified according to Gooding and Hebert (5) . Lyophilization. The viruses were conserved in three lyophilic forms. The leaf material with well-expressed symptoms was freeze-dried in vials (0.1-0.3 g). The plant sap was obtained after homogenization of fresh infected leaves in K-Na phosphate buffer, pH 7.2 (1:3 w/v). The clarified by centrifugation extract was lyophilized in ampoules (0.2 ml) or in vial (0.5 ml). The purified preparations with a concentration of 1 mg/ml were freeze-dried in ampoules in aliquots of 0.2 ml. Protective medium for the variants of sap and purified preparation was the combination of 5 % sorbitol and 3.6 % dextran 40 (8) . The parameters of the freeze-drying were according to Donev et al. (2) . Accelerated storage test. It was carried out at 28, 37 and 45 ºC with a test period of 1 to 240 days and at 54, 63, 72 and 81 ºC for 0.5 to 30 days. Infectivity test. The virus infectivity was recorded by the leaf halves method. Tobacco HT (N gene from N. glutinosa) reacting with the formation of 50-100 local necrotic lesions after infection with 0.1 -1 µg/ml TMV or ToMV, was used as indicator plant. Depending on the test, the survival was determined against control frozen unlyophilized samples or lyophilized samples stored at 4 ºC. Ten leaves were inoculated in each experiment.
Mathematical processing of the results.
The calculations were described in details for ToMV YM-0 in a previous work (10) . The Arrhenius equation in logarithmic form was used: log 10 K = log 10 K 0 -E/2.303R x 1/T, where K is the reaction rate, K 0 -specific constant of the reaction, E -energy of activation, R -gas constant and T -absolute temperature. For each variant three temperatures were included and their reciprocal values formed an arithmetic progression: 2/(T 1 + 273) = 1/(T 0 + 273) 1/(T 2 + 273) (4). The drawing of the respective graphics at higher temperatures was used for the extrapolation of the dying speed at the real storage temperature (4 ºC).
Results and Discussion
Eleven tobamovirus strains were freezedried in four variants (three lyophilic forms) -leaves, sap without and with protectant and protected purified preparation. The results are presented in protective medium in the plant sap increased the virus stability 1.3-1.9 times (with 16-44 %). When the protectant was used, the ToMV strains from group "2" showed a better preservation than the TMV strains isolated from tomato -MA and Sm.
In the purified preparations, a higher survival (95-100 %) of the TMV representatives was observed after freeze-drying. In this variant the lowest viability presented the ToMV strains from group "2" (64-68 %). It was obvious that the preservation was strain specific. The freeze-dried samples from the four variants of each strain were undergone to accelerated ageing at 28, 37 and 45 ºC. The respective graphics for the survival decrease were drown according to the model developed for ToMV YM-0 (10). The data for all strains and the mathematical processing of the results are not shown in details. As example, the experimental data for strain TMV B are presented in semi-logarithmic scale in Fig. 2 . In the studies without protectant (sap and leaves) the infectivity declined in exponential correlation with the time with the most of the tested tobamoviruses, so a comparatively straight line could be obtained in logarithmic scale (Fig.2 a, b) . It could be used for the next mathematical processing of the results. In the protected variants the survival of the most strains did not decrease to a sufficient extend for the purposes of the prediction (Fig. 2 c) . Furthermore, deviations of the experimental data from the trendline were observed, especially in the purified preparations. Higher temperatures of the accelerated ageing were needed. Because of that, additional tests were performed with purified preparations of two strains (B and GM-0) at 54, 63, 72 and 81 ºC. Fig. 3 shows the survival decrease of freeze-dried preparation of strain B as pseudo-first order reactions: log 10 Y = log 10 Y 0 -kt. The dying rates were determined from the equations for the three temperatures. These values were used for drawing the graphic presented in Fig. 4 . The correlation of log 10 K upon 1/T was a straight line. After solving the obtained equation for 4 ºC the predicted dying rate at this temperature was calculated. According to Fig. 3, y The predictions for the longevity of the freeze-dried tobamovirus strains in different lyophilic forms are summarized in Table. The values for unprotected sap and leaves were obtained after accelerated ageing at 28-45 ºC analogously to the model developed for ToMV YM-0 (10). For strain ToMV GM-1 that was also unstable, the calculations were made for protected sap and preparation as well. The prognoses for the preservation of the lyophilized purified preparations of TMV B and ToMV GM-0 were obtained after accelerated storage test at 54-81 ºC. For the protected variants of the rest strains approximate periods are presented.
It could be seen from the prognoses in Table that strains YM-0 and GM-1 had to be recovered and conserved again in the unprotected lyophilic forms after 1-3 years and in the protected samples after 7-12 years. The preservation of the other freezedried viruses tested will be much more longer where for some strains it will be more than 25-30 years and for the purified preparations more than 50-60 years. For the unprotected variants the highest longevity was predicted for the ToMV strains of group "2". The lyophilized purified preparations of TMV strains were expected to be the most stable.
It is also necessary to have in mind the survival of the viruses, immediately after the freeze-drying. We accepted the survival decrease to 10 % in relation to the initial one after lyophilization to be a critical point since the test method gave the relative infectivity. A local host was used and the samples were diluted 1:1000. When a systemic host was inoculated with the same sample (dilution 1:10) the infection was 100 %.
The results confirm to a great extent the stations in the literature that the tobamoviruses are the most resistant plant viruses (3, 6) . However, the studies, obtained by predicting and by determination of the survival in real time, showed that there were exceptions of this rule -strain YM-0. Therefore an individual approach is recommended in the initial investigation steps of each object and not automatic attachment to a given virus by stability. Furthermore, the survival after freeze-drying did not always correlate with the longevity of the stored strain (GM-1).
The lyophilized leaves are the most popular way for plant virus preservation in the collection activity -the easiest for preparing. The performed investigations showed that the application of protected lyophilic forms would considerably increase the storage periods. For this virus group the conservation with the protectant sorbitol/dextran of freeze-dried sap or purified preparation that could be comparatively easy obtained is more convenient. Moreover, the purified preparations provide greater standardness of the virus samples, which is important in comparative viral investigations.
For the collection work it is appropriate one strain of a given virus group to be studied by accelerated ageing and longevity predicting. The new strains could be compared with it by means of a fast test at elevated temperatures for approximate prognosis after how many years the check and recovering would be need. A treatment at 37 ºC for 15-30 days is convenient for unprotected variants and unstable viruses while for protected lyophilic forms of stable viruses -45 ºC for 30 days. The applied predicting for the tobamoviruses could be useful also for other plant viruses to facilitate the collection activity.
